Regionalization of complex surgery to high-volume hospitals has been advocated based on crosssectional volume-outcome studies. In April 2007, the agency overseeing cancer care in Ontario, Canada, implemented a policy to regionalize lung cancer surgery at 14 designated hospitals, enforced by economic incentives and penalties. We studied the effects of implementation of this policy.
INTRODUCTION
Regionalization of high-risk surgical procedures to high-volume hospitals is supported by evidence that shows that higher-volume hospitals have better outcomes than lower-volume hospitals, particularly in operative mortality. [1] [2] [3] [4] Although volume-based regionalization could theoretically prevent many postoperative deaths, [5] [6] [7] the evidence comes almost entirely from observational cross-sectional studies. 8 Whereas regionalization intervention studies would provide stronger evidence of a cause-effect relationship, there are few such studies. Those that have evaluated regionalization across large geographic regions have not been able to distinguish the effect of regionalization from secular improvements in surgical care.
In 2007, Cancer Care Ontario (CCO)-the agency that directs and oversees funding for cancer services in Ontario, Canada-implemented a policy to regionalize lung cancer surgery in Ontario to 14 designated hospitals, 9,10 providing a unique opportunity to study the effects of an intervention to regionalize the delivery of lung cancer surgery across a large geographic region with a population of nearly 14 million persons. We examined trends in lung cancer surgery services and outcomes in hospitals around the time when surgery was regionalized in Ontario, Policy implementation involved engagement between CCO and local and regional administrators and clinicians, and was enforced by-among other measures-financial incentives that not only rewarded designated hospitals for performing thoracic surgery, but also penalized nondesignated hospitals that continued to provide thoracic surgery services by withholding funding for other contracted cancer surgery services, such as breast cancer surgery. 14 We defined two time periods a priori for our analysis: a preregionalization interval between January 1, 2004, and December 31, 2007, and a regionalization interval between January 1, 2008, and December 31, 2012, with the date of January 1, 2008, selected as the start time for the regionalization interval to allow a period of several months during 2007 for hospitals to implement specified changes.
Outcomes
We first determined the proportion of lung cancer surgeries performed in designated hospitals during different time intervals. We measured operative mortality (death occurring within the hospitalization for surgery or within 30 days of the surgery), complications occurring during the hospitalization, re-operation within 30 days of the primary lung resection, length of hospital stay, readmission to any Ontario hospital within 30 days of discharge from the initial surgery, return to any Ontario emergency department within 30 days of discharge from initial surgery, and distance traveled for surgery. 15 We also determined the resection rate among all newly diagnosed patients with lung cancer by measuring whether they had a lung resection between 30 days before the diagnosis and 1 year after.
Covariables
We measured comorbidity using the Charlson comorbidity index, examining hospital visits up to 5 years before the lung resection admission date. [16] [17] [18] We also included information on age, sex, and quintile of median neighborhood household income (a measure of socioeconomic status representing the relative household income adjusted for household size and community).
Statistical Analyses
We tested differences in the attributes of patients and surgical procedures between the two regionalization intervals and between designated and nondesignated hospitals within each regionalization interval, using logistic regression for binary variables and linear regression for continuous variables. We also tested the interaction between hospital type and regionalization interval on patient and surgical characteristics.
We calculated adjusted outcome measures by multiplying the overall observed mean outcome by an observed-to-expected ratio, with expected values estimated by appropriate regression models. 19 We calculated 95% CIs that were model based for dichotomous variables 20 and estimated using bootstrap methods for length of stay. 21 We compared outcomes between the two regionalization intervals with multivariable regression, adjusting for patient factors using logistic regression for the outcomes of mortality, readmission and return to the emergency department, and negative binomial regression for models estimating length of stay.
To compare outcomes between designated and nondesignated hospitals in each regionalization interval, we estimated models using generalized estimating equation methods 22 to account for clustering within hospitals. We tested the interaction between hospital type and regionalization interval to determine whether the effect of surgery in a designated hospital differed between regionalization intervals.
We first used adjusted interrupted time series regression models to test the effect of the regionalization policy. We controlled for secular trends-the baseline rate of change that existed independent of the regionalization policy-using a time variable (3-month intervals of the calendar year [quarters]) and tested for an immediate effect (change in intercept of the regression line) on January 1, 2008, and for changes in the trend (slope) for the time period after January 1, 2008. Testing for autocorrelation between variables in our time series models did not yield significant results. We also used segmented linear regression to visually describe the effect, estimating the quarterly proportion of events for all outcomes except for length of stay and distance traveled, for which we estimated the mean quarterly value. We conducted several sensitivity analyses, including analyses limited to persons older than 70 years of age (Appendix, online only).
RESULTS

Patient, Surgical, and Hospital Characteristics
Between 2004 and 2012, 16,641 lung resections for cancer were performed in the province of Ontario: 6,826 in the preregionalization interval and 9,815 in the regionalization interval (Table 1) . Thirty-seven hospitals provided lung cancer surgery services in 2004. Overall, lung resections performed in designated hospitals increased from 71.1% in the preregionalization interval to 88.7% during the regionalization interval. By 2012, 91.6% of surgeries were performed in the designated hospitals. The mean 2004 hospital volume in designated hospitals was 80.4 resections and 18.7 resections for nondesignated hospitals. In 2012, designated hospitals performed a mean of 144.2 resections, and nondesignated hospital performed a mean of 13.3 resections. There was no difference in hospital casemix before regionalization, but after regionalization, patients with surgery in designated hospitals had greater comorbidity than those in nondesignated hospitals (Charlson comorbidity index $ 2, 65.7% v 60.1%; P for interaction = .003; Table 2 ).
Outcomes of Lung Cancer Surgery According to Regionalization Interval
Overall, operative mortality was lower in the regionalization interval (2.9%) compared with the preregionalization interval (4.1%; P , .001; Table 3 ). There were statistically fewer complications from surgery during the regionalization interval (13.7% v 16.8%; P , .001). The mean length of stay decreased by 13% (P , .001) in the regionalization interval, and the distance traveled for surgery increased in the regionalization interval by 30% (P , .001). There was no difference in reoperations, readmissions, or return to the emergency department.
Outcomes According to Hospital Type, by Regionalization Interval
When comparing differences in outcomes between hospital types in each regionalization interval (Fig 1) , mortality was consistently lower in designated than in nondesignated hospitals during both time periods (adjusted odds ratio [OR], 0.71; 95% CI, 0.52 to 0.98; P = .04 in the preregionalization interval; and OR, 0.64; 95% CI, 0.43 to 0.98; P = .04 in the regionalization interval; P for interaction = .50). Surgical complications statistically differed between hospital types both before regionalization (adjusted OR, 0.74; 95% CI, 0.57 to 0.98; P = .03) and after (OR, 0.60; 95% CI, 0.46 to 0.77; P , .001, P for interaction = .16). The risk of reoperation was lower in designated hospitals only after regionalization (OR, 1.04; 95% CI, 0.78 to 1.40; P = .77 before v OR, 0.64; 95% CI, 0.45 to 0.91; P = .01 after regionalization; P for interaction = .03). Length of stay was shorter in designated hospitals before regionalization (risk ratio 0.84; 95% CI, 0.75 to 0.94; P = .002), and this effect increased further after regionalization (risk ratio, 0.69; 95% CI, 0.59 to 0.80; P , .001; P for interaction = .01). Patients having surgery in designated hospitals traveled farther for their surgery in both time intervals, although the difference was attenuated after regionalization (relative difference in median distance traveled, 2.25 km; 95% CI, 2.18 km to 2.32 km; P , .001 in the preregionalization interval; and 1.95 km; 95% CI, 1.87 to 2.04; P , .001 in the regionalization interval; P for interaction = .02). There was no statistical difference in readmission or return to the emergency department between hospital types in either regionalization interval.
Effect of Regionalization on Outcomes
There was no statistical trend toward patients being treated in designated hospitals before regionalization. The policy had both an immediate (OR, 1.39; 95% CI, 1.20 to 1.62; P , .001) and delayed (OR, 1.31; 95% CI, 1.22 to 1.39; P , .001) effect on directing patients to designated hospitals (Table 4) .
After adjustment for existing secular trends in operative mortality before the introduction of the policy, regionalization had no immediate or delayed statistical effect on adjusted mortality. In contrast, length of stay decreased after the policy by 7% per year (P , .001), without a compensatory increase in either readmission or return to the emergency department. There was a 4% increase in the distance traveled for surgery after regionalization (P = .03). Regionalization did not influence complications or reoperations after lung cancer surgery.
Compared with the preregionalization interval trend, regionalization had both an immediate and delayed effect on the percentage of surgeries performed in designated hospitals (Fig 2A) . There was no statistical effect of regionalization on mortality, complications, reoperations, readmission, return to the emergency department, or distance traveled for surgery (Figs 2B, 2C, 2D, 2F, 2G, and 2H). Length of stay had significantly decreased (Fig 2E) by the end of the study period, as did the rate of resection among patients with newly diagnosed lung cancer (Fig 2I) . Among patients $ 70 years of age, regionalization resulted in decreased mortality (OR, 0.80 per year after regionalization; 95% CI, 0.67 to 0.95; P = .01). Note. All data presented as No. (%) unless otherwise indicated. *Income quintile was calculated as the median household income in the neighborhood of a patient's residence, ranging from 1 to 5; 1 denotes the lowest income category and 5 the highest. †Charlson comorbidity index categorizes patient comorbidities on the basis of the International Classification of Diseases diagnosis codes found in the Canadian Discharge Abstract Database, on the basis of adjusted mortality risk. A higher score is associated with higher risk of death.
‡Rural residence was defined as residence in a community with a population of fewer than 10,000 persons. §Lobectomy was defined as surgical removal of a lobe of the lung. kPneumonectomy was defined as surgical removal of the entire lung. ¶Segmentectomy was defined as surgical removal of a segment of a lobe of the lung. #Other cancer included any cancer except primary lung cancer and nonmelanoma skin cancer. , .001
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Note. Data presented as No. (%) unless otherwise indicated. *Income quintile was calculated as the median household income in the neighborhood of a patient's residence, ranging from 1 to 5; 1 denotes the lowest income category and 5 the highest. †Charlson comorbidity index categorizes patient comorbidities on the basis of the International Classification of Diseases diagnosis codes found in the Canadian Discharge Abstract Database, on the basis of adjusted mortality risk. A higher score is associated with higher risk of death. ‡Rural residence was defined as residence in a community with a population of less than 10,000 persons §Lobectomy was defined as surgical removal of a lobe of the lung. kPneumonectomy was defined as surgical removal of the entire lung. ¶Segmentectomy was defined as surgical removal of a segment of a lobe of the lung.
#Other cancer included any cancer except primary lung cancer and nonmelanoma skin cancer.
DISCUSSION
The implementation of a policy to regionalize thoracic surgery in Ontario, Canada, to 14 hospitals increased the proportion of resections for lung cancer performed in designated hospitals from 71% to . 90%. A decrease in surgical mortality after implementation of the policy was explained principally by a secular trend that predated the policy, not by the effect of the policy itself. Regionalization was, however, associated with an independent reduction in the length of hospital stay, without any associated increase in readmissions to hospital or emergency department visits in the month after discharge. Although we did not find that the regionalization policy influenced operative mortality for patients with lung cancer surgery, our study has several other important findings. First, the profile of patients changed after regionalization, with designated hospitals assuming more of the higher-risk patients than nondesignated hospitals. Although nondesignated hospitals performed operations on lower-risk patients, their operative mortality remained significantly higher than that of designated hospitals after regionalization. Whereas the policy did not result in improvements in outcomes beyond those that were already occurring over time, it is noteworthy that mortality from surgery was lower in designated hospitals in both time periods, despite increasingly taking on higher-risk patients after regionalization. Somewhat paradoxically, although regionalization of lung cancer surgery in designated hospitals seems to be beneficial, a policy maneuver to further increase the extent of regionalization did not add any incremental benefit beyond naturally occurring trends. Second, although length of hospital stay did not decrease immediately after the policy was implemented, it did decrease over time in ensuing years, suggesting that regionalization was associated with efficiencies in patient care. This may have been due to standardizations in postoperative care rather than a reduction in complications because we found no change in postoperative complications after regionalization. Third, the reduction in access to care from regionalization seemed small, with the average distance traveled increasing by less than 5 km. Although surgery for newly diagnosed patients with lung cancer decreased by 10% immediately after regionalization, rates did not decrease after the initial regionalization period, suggesting that patients with lung cancer were able to access appropriate care despite having to travel further distances. Finally, analyses limited to elderly patients showed a benefit of the policy on operative mortality, raising the possibility of greater benefit to high-risk groups.
Previous studies that have provided the rationale for regionalization have largely been cross-sectional volume-outcome studies, including estimates of lives potentially saved 6, 23 ; other studies of regionalization efforts comparing outcomes before and after regionalization have not distinguished the effect of regionalization from secular improvements in surgical care. Several small before-and-after comparison studies on regionalization of surgical services in small geographical areas reported improved mortality in time periods after regionalization. Regionalization of esophageal cancer surgery in western Netherlands resulted in a mortality decrease from 14.3% to 4.7% among fewer than 700 people having surgery 24 ; a smaller study of pancreas surgery regionalization in the Netherlands resulted in a mortality decrease from 24.4% to 2.6%. 25 Regionalization of 16 different surgical procedures to one hospital in Edmonton, Alberta, did not result in a change in mortality (3.1% v 2.5%) or readmission (8.0% v 7.0%). 26 Larger studies have mostly analyzed regionalization as a naturally occurring phenomenon, rather than a discrete policy intervention. Regionalization of hepatobiliary surgery in the United States beginning in 2000 led to a 40% lower operative mortality rate 27 ; natural regionalization of pancreatic surgery was associated with lower mortality in Maryland 28 but not in North Carolina. 29 There have been no clinical trials of interventions to regionalize surgery. We also found a mortality difference before and after regionalization, similar to previous studies, but our interrupted time series analysis was able to distinguish the effect of regionalization on outcomes from other confounding exposures, such as improvements in the quality and outcomes of care over time.
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Although reductions in operative mortality over time have been attributed to trends in natural regionalization, 4 we did not find a significant trend toward natural regionalization before the implementation of the policy, suggesting that the decline in mortality over the study period was likely due to reasons other than natural regionalization and that our time series model did not simply overadjust for preexisting regionalization trends.
Our study design further supports the validity of our results. By capturing the entire population and all procedures and outcomes in Ontario, our study was less susceptible to the types of selection biases that may have influenced studies focused on only a sample of hospitals or a smaller region. 31 To account for contemporary changes and cointerventions that might have influenced our findings, 32 we performed sensitivity analyses to account for the effects of the introduction of minimally invasive surgery and the relative increase in inexperienced thoracic surgeons with the implementation of the policy.
The regionalization policy was effective for a variety of possible reasons. Cancer care in Ontario has central oversight, and all hospitals are publicly funded by a single payer, the Ontario Ministry of Health and Long-Term Care. The policy was endorsed by local opinion leaders, and the financial incentives and penalties associated with the regionalization strategy likely pressured hospitals to comply, even if their surgeons, clinical leaders, or communities were resistant to relinquishing lung cancer surgery services.
Our study has limitations. First, because we used administrative data, we lacked detailed clinical patient information, including comorbidity severity and tumor stage; however, many other regionalization of care studies have also relied on administrative data. 1, 33 Obtaining clinical data from patient charts retrospectively, however, was beyond the scope of this study, and performing chart reviews that lead to quality data can be challenging. 34 Furthermore, because we evaluated outcomes in the entire population, confounding related to severity of illness or tumor stage was unlikely. Second, our results are dependent on the time point chosen for our time series models. However, to account for an effect lag behind the implementation date, we explicitly modeled both immediate and delayed effects. In addition, sensitivity analyses using other possible index dates did not alter our main findings. Third, because a majority of surgeries were already being performed in the higher-volume designated hospitals, our study had limited power to detect a small mortality effect with regionalization. Fourth, time series analyses can be influenced by cointerventions. We attempted to identify these, including the introduction and uptake of video-assisted thoracoscopic surgery (VATS), and the ‡Relative change in the median distance traveled. jco.org potential recruitment of younger board-certified thoracic surgeons; neither influenced the results of our analyses. Because minimally invasive surgery using VATS generally requires higher patient volumes to maintain expertise, 35 the increasing use of VATS we identified may be an additional reason for centralizing lung cancer surgery in designated hospitals. Although a difference-in-differences analysis using, for example, data from another province without regionalization could have been used to analyze the effect of regionalization independent of other trends, we did not have a suitable control data set with which to perform this type of analysis.
In conclusion, a policy to regionalize surgery for lung cancer in Ontario, Canada, was effective at centralizing care to 14 designated hospitals. Although the policy did not result in improved operative mortality in Ontario, persons older than 70 years of age had a reduction in operative mortality, and patients with higher comorbidity were preferentially directed to designated hospitals.
The policy was associated with reductions in the length of hospital stay and only a small increase in the distances traveled. To maximize potential clinical benefits from regionalization of care, policy makers should target types of care that are not already largely centralized in the population. Although there are benefits in clinical outcomes from the regionalization of surgical care, these benefits may not be as large as expected from the results of crosssectional volume-outcome studies and before-and-after studies that do not account for secular trends.
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Study Population For persons with more than one resection during the study period, only the first procedure was studied. We determined whether a resection was performed for either primary lung cancer, defined as a resection between 30 days before a diagnosis of primary lung cancer and 1 year after, or other cancer, defined as a resection between 30 days before a diagnosis of cancer other than primary lung cancer and any time thereafter.
Regionalization
Our main exposure was the implementation of a CCO policy to regionalize thoracic surgery to designated hospitals beginning on April 1, 2007. A group of experts was empaneled by CCO to draft a document specifying standards of care for lung and esophageal cancer surgery. 10 The requirements for a hospital to be designated as a center for thoracic surgery included criteria such as certification of surgeons in thoracic surgery and the presence of hospital structures, such as 24-hour operating room availability, a dedicated clinical thoracic unit, affiliation with a cancer center, and an interdisciplinary team. Fourteen designated hospitals were selected and expected to meet surgical volumes of 150 lung resections per year for the 12 Level-I centers and 50 lung resections per year for the two Level-II centers (designated hospitals for thoracic surgery in regions with a population too small to support a Level I center). Implementation of the regionalization policy involved engagement between CCO and local and regional administrators and clinicians, and was enforced by-among other measures-financial incentives specified in Cancer Surgery Agreements between CCO and 38 Ontario hospitals. The Cancer Surgery Agreements not only rewarded designated hospitals for performing thoracic surgery by means of bundled payments for each additional patient, but also penalized those nondesignated hospitals that continued to provide thoracic surgery services by withholding funding for other contracted cancer surgery services, such as breast cancer surgery. 9 We defined two time periods a priori for our analysis: a preregionalization interval between January 1, 2004, and December 31, 2007, and a regionalization interval between January 1, 2008, and December 31, 2012. We selected the date of January 1, 2008, as the start time for the regionalization interval to allow a period of several months for hospitals to implement the changes specified in the thoracic oncology standards document. Results did not significantly change in sensitivity analyses using cut points on April 1, 2007 (the date the policy came into effect), as well as 6 months earlier and 6 months later than January 1, 2008.
Outcomes
We studied the effect of the policy by first determining the proportion of lung cancer surgeries performed in designated hospitals during different time intervals. We measured surgical outcomes and postoperative health services use, including operative mortality (death occurring during the hospitalization for surgery or within 30 days of the surgery), length of hospital stay, readmission to any Ontario hospital within 30 days of discharge from the initial surgery, return to any Ontario emergency department within 30 days of discharge from initial surgery, and distance traveled for surgery (estimated as the shortest great circle distance between the postal regions of residence and the hospital; Ng E, et al: Health Rep 5:179-188, 1993) . We also determined the resection rate among all persons in Ontario newly diagnosed with primary lung cancer by measuring whether they had a lung resection between 30 days before the diagnosis and 1 year after. Measured complications included any of the following: acute renal failure, urinary tract infection, bleeding, deep vein thrombosis, pulmonary embolism, myocardial infarction, pneumonia, stroke, sepsis, respiratory failure, use of the ventilator for . 48 hours after surgery, and cardiorespiratory arrest.
Covariables
We measured comorbidity using the Charlson comorbidity index, examining hospital visits up to 5 years before the lung resection admission date. [16] [17] [18] We also included information on age, sex, and quintile of median neighborhood household income (an ecologic measure of socioeconomic status representing the relative household income adjusted for household size and community).
Statistical Analyses
We tested differences in the attributes of patients and surgical procedures between the two regionalization intervals and between designated and nondesignated hospitals within each regionalization interval using chi square tests for categorical data and Wilcoxon rank sum tests for continuous variables. To determine differences in patient and surgical characteristics between hospital type (designated v nondesignated) and regionalization interval, we used logistic regression for binary variables and linear regression for continuous variables. We also tested the interaction between hospital type and regionalization interval on patient and surgical characteristics.
We calculated adjusted outcome measures as follows. First we calculated an expected rate using logistic regression models for dichotomous outcomes (operative mortality, readmission, and return to the emergency department), negative binomial regression models for length of stay, and linear regression of the natural logarithm of the distance in kilometers for models estimating the distance traveled for surgery. All models except for the one estimating distance traveled were adjusted for age, sex, Charlson comorbidity index, and income quintile. Second, we calculated adjusted values by multiplying the observed-to-expected ratio for each group of interest by the observed value in the entire population. 19 The 95% CIs were model based for dichotomous variables 20 and estimated using bootstrap methods for length of stay. 21 We compared outcomes between the two regionalization intervals with multivariable regression, adjusting for patient factors using logistic regression for the outcomes of mortality, readmission, and return to the emergency department, and negative binomial regression for models estimating length of stay. We performed unadjusted linear regression for the natural logarithm of the distance traveled for surgery to compare distances traveled between the two regionalization intervals.
To compare outcomes between designated and nondesignated hospitals in each regionalization interval, we used models estimated using generalized estimating equation methods 22 to account for clustering within hospitals. We used negative binomial models for length of stay, logistic regression for dichotomous outcomes, and linear regression to estimate the effect of the natural logarithm of distance traveled for surgery. We tested the interaction between hospital type (designated v nondesignated) and regionalization interval to determine whether the effect of surgery in a designated hospital differed between regionalization intervals. All models except those estimating distance were adjusted for age, sex, Charlson comorbidity index, and income quintile. Interrupted time series methodology was used to test the effect of the CCO regionalization policy. This method used the time before regionalization as a control for secular trends; we then tested for an immediate change in intercept at the point of introduction of the policy (January 1, 2008) and also tested for changes in the slope of the regression line for the time period after policy implementation. Therefore, we created three time series variables on the basis of yearly quarters: baseline slope, change in intercept at January 1, 2008, and change in slope starting from January1, 2008, onward. We assumed a constant rate of change in the risk of events in the two study periods for pragmatic reasons to facilitate the interpretation of the model and compare temporal trends between the two periods. Models were not intended to extrapolate results beyond the end of the study period, where increasing departures from linearity would be expected. We assumed a constant rate of change in the risk of events in the two study periods for pragmatic reasons to facilitate the interpretation of the model and compare temporal trends between the two periods. Models were not intended to extrapolate results beyond the end of the study period, where increasing departures from linearity would be expected.
We tested for serial autocorrelation between time and outcomes using segmented linear regression, regressing adjusted quarterly rates and the time series variables onto outcomes, testing the Durbin-Watson statistic. We did not find autocorrelation for any of the outcomes and therefore proceeded with logistic and other regression methods.
Segmented regression was performed using the person as the unit of analysis. Adjusted segmented logistic regression with the time series variables and patient variables was performed to test whether surgery was done in a regionalized center and to test the effect of the policy on mortality, readmission, and return to the emergency department. Adjusted segmented negative binomial regression with patient and time series variables was used for length of stay, and unadjusted segmented linear regression, using only time series variables, was used for natural logarithm of the distance traveled for surgery.
The resulting ratios produced were exponentiated to the power of four to interpret results as changes per year (ie, per four yearly quarters). The estimate from the model for distance traveled for surgery was multiplied by four and then exponentiated to also interpret results as changes per four quarters. The estimate for the change in intercept was not exponentiated, because this represented a point-in-time change from the last quarter of 2007 to the first quarter of 2008.
To graphically display the effect of the policy on outcomes, we conducted segmented linear regression, using quarterly proportion of events (or mean quarterly event for distance traveled). Adjusted outcomes per quarter were calculated from logistic regression for dichotomous outcomes and negative binomial regression for length of stay. Outcomes were adjusted for age, sex, Charlson comorbidity index, and income quintile, with the exception of surgery for primary lung cancer, for which adjustment for age and sex only was performed; the OCR, which was used to obtain all lung cancer diagnoses, does not collect other patient variables used in the other models. Linear regression of the adjusted outcome rates on the time series model was then performed. Linear regression for unadjusted distance using the natural logarithm of distance and unadjusted linear regression for surgery in a designated hospital was also performed with the time series variables. We plotted actual values, predicted values, and 95% CIs.
Sensitivity Analyses
We conducted sensitivity analyses on the following resection types: anatomic resections, resections for primary lung cancer only, in persons older than 70 years of age, and in designated hospitals. We also repeated analyses controlling for the use of minimally invasive surgery or video-assisted thoracoscopic surgery (VATS) procedures introduced over the study period and also adjusting for the number of years in practice for each surgeon. Finally, we looked at the impact of the policy on 90-day mortality.
Results
Video-Assisted Thoracoscopic Surgery. Surgery by VATS was performed in 14.0% of patients in the preregionalization interval compared with 40.4% of patients after regionalization (P , .001). Nondesignated hospitals performed surgery by VATS in 14% of patients before regionalization and 30.1% after regionalization (P , .001). Designated hospitals performed VATS procedures in 13.9% of patients before regionalization and 41.2% after regionalization (P , .001).
Sensitivity Analyses. Sensitivity analyses yielded findings similar to the main analyses except for the analysis that examined the effect of the policy on persons $ 70 years of age. Among these 6,897 patients, there was a significant decrease in operative mortality after regionalization (odds ratio, 0.80; 95% CI, 0.67 to 0.95; P = .01 for every year after regionalization). Length of stay for patients older than 70 years of age also decreased after regionalization (rate ratio, 0.90; 95% CI, 0.87 to 0.93; P , .001 for each year after regionalization).
